Graphene Growth: Cu(111) single crystals (MaTecK GmbH) were cleaned in UHV by repeated cycles of Ar + sputtering and annealing at about 650 K before graphene growth. The cleanliness of the surface was checked by low-energy electron diffraction (LEED) and scanning tunnelling microscopy (STM).
METHODS:
Graphene Growth: Cu(111) single crystals (MaTecK GmbH) were cleaned in UHV by repeated cycles of Ar + sputtering and annealing at about 650 K before graphene growth. The cleanliness of the surface was checked by low-energy electron diffraction (LEED) and scanning tunnelling microscopy (STM).
Cu(111) oxidized surfaces were prepared by exposing the clean single crystal to air for approx. 12 hours and by annealing them subsequently in a separate vacuum oven (0.1 mbar Ar atmosphere Messer 5.0 purity) for 30 min at 1200 K. Afterwards graphene was grown with a gas mixture of 0.5 mbar of methane (Messer 4.5) and 0.1 mbar of Ar for 2 min at 1200 K, followed by 30 min post deposition annealing in 0.1 mbar of Ar. The cooling rate was approx. 5 K/min. The oxide layer was completely removed by several sputtering annealing cycles prior every new sample preparation.
To prepare graphene on a metallic Cu(111) surface, the copper single crystal was transferred to the vacuum oven immediately after the cleaning procedure and annealed in 0.5 mbar of H 2 (Messer 5.0) 2 and 0.1 mbar of Ar for 4 hours at 1200 K to remove any surface oxide. Graphene was grown exposing to 0.5 mbar of methane, 0.1 mbar of Ar and 0.5 mbar H 2 , for 2 min at 1200 K, followed by 30 min post deposition annealing in 0.1 mbar of Ar and 0.5 mbar of H 2 . The cooling rate was approx. 5 K/min. The gas lines were equipped with liquid nitrogen traps to avoid potential water contamination.
After graphene growth, all samples were transferred immediately into the UHV chamber and annealed at T > 520 K. STM measurements were performed at room temperature (unless otherwise stated) with a commercial STM (Omicron NanoTechnology GmbH) and LEED measurements (MCP LEED from Omicron NanoTechnology GmbH and ErLEED from SPECS GmbH) were performed for the superstructure determination. The freeware LEEDpat 3.0 (http://www.fhiberlin.mpg.de/KHsoftware/LEEDpat/) was used to simulate the LEED patterns and the WSxM (www.nanotec.es) software was employed for STM images analysis.
Angle-resolved photoelectron spectroscopy: ARPES measurements were performed at the Spectromicroscopy beamline at the Elettra synchrotron in Trieste, Italy 36 . The samples were transported to the synchrotron using a UHV sample carrier. The measurements were done with the sample kept at room temperature and in UHV with a base pressure of 10 -10 mbar after an annealing step at T ~ 520 K. The spectra were acquired with a photon energy of 27 eV and a spot size of approx. 1 μm. The energy and angular resolution were 25 meV and 1°, respectively.
Theoretical calculations:
Periodic density functional theory calculations were performed using the VASP code 37 with the projector-augmented wave method describing ion-core electron interactions 38 . Van der Waals interactions were included using the van der Waals density function (vdW-DF) 39 , while local correlation was described by LDA. The exchange was described on the GGA-level using an optimized form of the Becke 86 functional 40 .
Four layered slabs separated by at least 15 Å of vacuum were used to model the Cu(111) surface, with a p(5×5) surface super cell, and using the calculated lattice constant of 3.598 Å. Figure 2c and
In all calculations the plane waves were expanded to a kinetic energy cut-off of 500 eV and a 3×3 k-point sampling was used. All structures were optimised until the residual forces of all atoms were smaller than 0.01 eV/Å, except for the bottom two layers of the slab that were kept fixed. Transition state calculations were performed using a combination of the climbing image nudged elastic band 41, 42 (CI-NEB) and Dimer methods 43, 44 . CI-NEB was used to find an initial estimate of the 
S1: Oxide thickness
The average thickness of the oxide layer underneath graphene is estimated to be 2-4 ML. This estimation is based on LEED data where the intensity of the Cu substrate spots is almost quenched due to the very small mean free path (approx. 5 Å) of electrons with a kinetic energy of 50-100 eV.
This estimate is in line with x-ray photoelectron spectroscopy measurements (data not shown here) and with ARPES measurements where the attenuation of the Cu substrate bands is observed (here the mean free path is slightly longer, namely approx. 8 Å, due to the smaller kinetic energy of the photoelectrons). It is important to note that ARPES measurements taken at different positions of the sample showed always identical features indicating that the electronic properties of graphene are not influenced by the thickness of the oxide layer. 
S3: LEED measurements
When a clean Cu(111) single crystal is exposed to air for about 12h, a thin oxide layer grows. In general, the copper oxide layer is amorphous and composed of a mixture 47 of Cu(OH), CuO and Cu 2 O. Upon annealing at 520 K under UHV conditions, an ordered oxide layer is obtained, as observed in LEED patterns. Cu(OH) is the most unstable species on the surface and rapidly converts 47 to CuO x . Annealing at temperatures above 520 K in UHV leads to the formation of mainly a Cu 2 O layer which is preserved even after annealing at 1200 K in UHV. This ensures the 7 presence of the oxide layer also during graphene growth (1200 K, 0.6 mbar total pressure). After graphene growth, the oxide layer is detected in LEED and STM measurements.
Two main surface oxide configurations were observed, which can also coexist. Supplementary   Figure 3 shows the analysis of these two structures. The Cu 2 O structure is the most often observed oxide superstructure (Supplementary Figure 3a, Supplementary Figure 1 for the real space model).
It has a hexagonal unit cell rotated by 30° with respect to the principal Cu directions and unit cell vectors measuring 5.1 Å. The oxide layer is not commensurate with the underlying Cu(111) lattice.
In addition, the surface undergoes a reconstruction with a periodicity of 3.1 nm, which is evident 
S4: STM measurements of graphene on oxidized Cu(111)
Depending on the tunneling conditions and the status of the tip, different STM contrasts were observed for the graphene -copper oxide -Cu(111) system. In the first case, graphene is imaged and we obtain atomic resolution while the oxide layer appears as a diffuse background (cf. Figure   1d We observed the formation of smaller domains for graphene grown on oxidized copper (up to about few microns in diameter respect to several microns for pure metallic copper) in comparison to graphene grown on Cu(111). However, the optimization of the domain size was not the purpose of this study and we believe very large domains could be achieved with further optimization. 
